Introduction
============

Lung cancer is the most frequently diagnosed type of tumor and the leading cause of cancer-related death worldwide with an estimated 1.8 million new lung cancer cases and 1.59 million deaths in 2012, according to the last GLOBOCAN estimates of cancer incidence and mortality produced by the International Agency for Research on Cancer (IARC).[@b1-cpaa-9-147]

Lung squamous cell carcinoma (SqCC) is the second most common histology in non-small-cell lung carcinomas (NSCLCs) accounting for 20--30% of NSCLC cases and, as the majority of lung cancer patients, presents often with advanced stage of the disease when diagnosed.[@b2-cpaa-9-147]

Compared to the most frequent advanced lung adenocarcinoma, for which targeted therapies are now available if they present actionable mutations, treatment options for advanced lung SqCC, both in first-line and relapsed/refractory settings, have been, for a long time, a relevant unmet medical need. Extensive research was then addressed toward novel treatment strategies, and, in the last few years, several new drugs have been approved for squamous histology: these include anti-epidermal growth factor receptor (EGFR) monoclonal antibodies (mAbs) (necitumumab and cetuximab) in combination with standard frontline chemotherapy and immune-checkpoint inhibitors such as nivolumab, pembrolizumab, atezolizumab, the anti-vascular endothelial growth factor-2 (VEGFR-2) antibody ramucirumab (combined with docetaxel), and the ErbB-family blocker, afatinib.[@b3-cpaa-9-147]

Considering EGFR pathway, the biological mechanism accounting for the efficacy of EGFR inhibition in lung SqCC is probably multifactorial: in two-thirds of lung SqCCs with activation of the phosphatidylinositol 3-kinase (PI3K)/receptor tyrosine kinase/Ras pathways, recent genomic analyses suggest that EGFR alterations occur with a frequency of \~9% and second-generation EGFR tyrosine kinase inhibitors (TKIs), such as afatinib, which irreversibly bind to enzymatically active ErbB receptors, enable sustained ErbB family blockade including receptor activation, dimerization, and resistance inhibition, explaining their enhanced efficacy over erlotinib in lung SqCC. Preclinical data suggested that lung SqCC pathobiology has a strong dependency from the ErbB family pathway: ErbB1 (EGFR) is overexpressed in 85% of NSCLCs, particularly in patients with squamous histology (\~60--80%) and is associated with poor prognosis; HER2 and HER3 are overexpressed in 20--30% of lung SqCCs overall and present genetic aberrations in \~3 and 4%, respectively; finally, some lung SqCCs (7--10%) also demonstrated EGFR gene copy-number alterations, providing a biological rationale for using EGFR-targeted agents as a treatment option in this setting.[@b4-cpaa-9-147]--[@b7-cpaa-9-147]

However, it is still unclear if high levels of EGFR expression in lung SqCC present the same meaningful clinical impact as EGFR sensitizing mutations in adenocarcinoma patients. As a consequence, even taking into account statistically positive trial results in squamous histology, EGFR inhibition in unselected/wild-type EGFR lung SqCC cases still remains controversial.[@b8-cpaa-9-147] Probably, in addition to EGFR, further members of the ErbB family play a role in the pathogenesis of squamous disease as well as genetic aberrations in numerous intracellular downstream signaling networks of the ErbB receptors, such as Kirsten rat sarcoma virus GTPase (KRAS, 3%), Harvey rat sarcoma virus GTPase (HRAS, 3%), Braf serine/threonine-protein kinase (BRAF, 4%), and neurofibromin 1 (NF1, 11%).[@b9-cpaa-9-147] Other studies have identified HER4 mutations in lung SqCCs, and another one demonstrated that genomic aberrations in neuregulin 1 (NRG1), one of the similar ligands of the ErbB family receptors, are a recurrent feature of lung SqCCs.[@b10-cpaa-9-147]--[@b14-cpaa-9-147] Even if controversial, anti-EGFR strategy in squamous histology needs to be further elucidated considering also that lung SqCCs share several molecular alterations with head and neck SqCC (not human papilloma virus associated), in which, particularly EGFR, is not only an independent prognostic factor of outcome but also a first-choice therapeutic target.[@b15-cpaa-9-147]

The aim of this review is to analyze current data about EGFR inhibition as a therapeutic strategy in lung SqCC with a specific focus on afatinib. A summary of evidence from randomized trials of afatinib will also be presented in order to discuss about rationale and available clinical evidence supporting the targeting of EGFR in this setting as well as future management of advanced lung SqCC contextualized with the recent approval of immunotherapy approaches.

Overview of current treatments for lung SqCC
============================================

EGFR pathway inhibition has been investigated as a therapeutic strategy in NSCLC using both small molecules, EGFR TKIs and anti-EGFR mAbs. Both classes of drugs have been shown to decrease signal transduction of the EGFR pathway, through different mechanisms of action.[@b16-cpaa-9-147],[@b17-cpaa-9-147] Mutations activating EGFR signaling pathway, like L858R mutation in exon 21 and exon 19 deletions, are used as biomarkers to preferentially identify NSCLC patients suitable for EGFR TKI therapy, but clinical responses in NSCLC patients with lack of EGFR mutations have been described in retrospective trials suggesting that a mutation-independent mechanism could potentially contribute to the observed efficacy of EGFR TKI therapies.[@b18-cpaa-9-147]--[@b20-cpaa-9-147]

Based on this rationale and, as previously described, considering frequent EGFR overexpression and EGFR gene copy-number alterations in lung SqCC, different studies assessed EGFR-targeted agents in this setting of patients both in first and subsequent lines of therapy.

First-line approaches for lung SqCC
-----------------------------------

Anti-EGFR mAbs were evaluated as monotherapy in front-line management of patients with advanced NSCLC evidencing a limited single-agent activity (response rate \~4%); as a consequence researchers preferred to move to analysis of anti-EGFR mAbs in combination with cytotoxic therapies.[@b21-cpaa-9-147]

Phase III SQUIRE trial evaluated necitumumab, a second-generation IgG1 anti-EGFR recombinant fully human mAb, in combination with gemcitabine/cisplatin versus chemotherapy alone in 1,093 lung SqCC patients. Addition of necitumumab significantly improved overall survival (OS) versus chemotherapy alone (11.5 versus 9.9 months, hazard ratio \[HR\] 0.84, 95% confidence interval \[CI\] 0.74--0.96; *P*=0.01). However, improved efficacy needs to be considered in the context of additional toxicity as in the necitumumab plus gemcitabine/cisplatin arm, the number of patients with at least one grade 3 or worse adverse event (AE) was higher (n=388, 72% of 538 patients) than in the chemotherapy arm (n=333, 62% of 541), as was the incidence of serious AEs (n=257, 48% of 538 versus 203, 38% of 541 patients) and treatment discontinuations due to AEs (31.2% versus 24.6%) in the combination arm.[@b22-cpaa-9-147]

On the contrary, cetuximab, a chimeric IgG1 mAb, was not studied in Phase III trials specifically dedicated to lung SqCC patients in association with chemotherapy. However, in a Phase III study, the FLEX trial (which enrolled histologically unselected patients), a superior OS (12.0 versus 9.6 months) was described with cetuximab for patients with high EGFR expression levels; particularly, among patients with high EGFR expression those with squamous histology were found to benefit the most from cetuximab (11.2 versus 8.9 months, HR: 0.62, 95% CI 0.43--0.88).[@b23-cpaa-9-147] Nevertheless, it is important to note that in a prespecified analysis of the SQUIRE trial, high levels of EGFR expression did not predict improved OS with necitumumab.[@b22-cpaa-9-147], [@b24-cpaa-9-147]

In contrast to anti-EGFR antibodies, first-line EGFR TKIs in combination with chemotherapy failed to demonstrate a clinical benefit over chemotherapy alone in patients with squamous but also nonsquamous lung carcinoma.[@b17-cpaa-9-147],[@b25-cpaa-9-147]--[@b27-cpaa-9-147] First-line EGFR TKI monotherapy was also evaluated, and considering several prospective trials that confirmed EGFR TKIs inferiority compared to chemotherapy in unselected or EGFR wild-type NSCLC patients, it is not recommended, at the present time, in lung SqCC without known EGFR mutations.[@b17-cpaa-9-147]

The development of novel treatment strategies for lung SqCC patients expanded therapeutic options in the frontline setting as demonstrated by immunocheckpoint inhibitors.

Reck et al evaluated pembrolizumab, a humanized mAb against programmed death-1 (PD-1) as first-line therapy for metastatic NSCLC compared to different chemotherapy regimens in the Phase III KEYNOTE-024 trial.[@b28-cpaa-9-147] Previously, untreated advanced NSCLC patients (n=305, n=56 with squamous histology) with programmed death-ligand 1 (PD-L1) expression, at least 50% of tumor cells, and no EGFR sensitizing mutation or anaplastic lymphoma kinase (ALK) rearrangements, were randomly assigned to receive either pembrolizumab (at a fixed dose of 200 mg every 3 weeks) or platinum-based chemotherapy as per investigator's choice. Progression-free survival (PFS) was the primary end-point and was significantly longer in the pembrolizumab arm compared to the chemotherapy arm (10.3 versus 6 months; HR 0.50; *P*\<0.001 and HR of 0.35; 95% CI, 0.17--0.71 for squamous histology, even considering the limited number of patients). OS was also significantly better in the pembrolizumab group (HR 0.60; 95% CI, 0.41--0.89; *P*=0.005).[@b28-cpaa-9-147]

Based on significant improvements in PFS and OS reported by this study, US Food and Drug Administration (FDA) approved pembrolizumab for first-line treatment of metastatic NSCLC patients, with no EGFR or ALK genomic tumor aberrations and whose tumors have high PD-L1 expression (tumor proportion score \[TPS\] of ≥50%) as determined by an FDA-approved test.[@b29-cpaa-9-147]

However, even considering relevant results of KEY-NOTE-024 trial, it is important to report that previously, a similar study, CHECKMATE-026, a phase III trial investigating nivolumab (a PD-1 checkpoint-inhibitor) in a front-line setting, in stage IV or recurrent untreated NSCLC with PD-L1 tumor-expression level of 1%, did not show a significantly longer PFS from nivolumab compared to chemotherapy.[@b30-cpaa-9-147]

Finally, EGFR TKIs administration as long-term maintenance therapy was supported by preclinical data, suggesting a relationship between cytotoxic resistance and activation of the EGFR pathway.[@b31-cpaa-9-147] To date, SATURN has been the largest Phase III trial to assess erlotinib as maintenance therapy in unselected NSCLC patients with stable disease or partial/complete response after induction chemotherapy. Particularly, erlotinib was found to delay disease progression in patients with squamous histology (n=360/889), irrespective of response to induction chemotherapy (PFS: HR 0.76, 95% CI 0.60--0.95). Among patients with stable disease, the greatest OS benefit was in lung SqCC patients (OS: HR 0.67, 95% CI 0.48--0.92).[@b32-cpaa-9-147]

Second-line approaches and beyond for lung SqCC
-----------------------------------------------

For many years, docetaxel and erlotinib remained the only standard second-line choices for lung SqCC treatment until, in December 2014, the FDA approved the anti-VEGFR-2 antibody ramucirumab in combination with docetaxel, for the treatment of metastatic NSCLC patients who progressed during or after a platinum-based chemotherapy.[@b3-cpaa-9-147] Nivolumab and atezolizumab were then approved in March 2015 and October 2016, respectively, for the treatment of metastatic NSCLC patients, progressing during or after a platinum-based chemotherapy, pembrolizumab in October 2015, for metastatic NSCLC patients whose tumors expressed PD-L1 (evaluated with the approved companion diagnostic). Finally, afatinib (an EGFR TKI) was approved in April 2016, for the treatment of patients with metastatic lung SqCC progressing after a platinum-based chemotherapy.[@b3-cpaa-9-147],[@b33-cpaa-9-147]--[@b35-cpaa-9-147] In the Phase III REVEL study, NSCLC patients were treated with docetaxel with or without ramucirumab: an OS benefit was evidenced with ramucirumab/docetaxel in the entire population (10.5 versus 9.1 months, HR 0.86, 95% CI 0.75--0.98, *P*=0.023). In those patients treated with ramucirumab/docetaxel with squamous cell histology (25%), the OS benefit was 9.5 versus 8.2 months (HR: 0.88, 95% CI 0.69--1.13) in the placebo--docetaxel subgroup; however, it is essential to note that subgroup analyses in this study were not preplanned.[@b33-cpaa-9-147],[@b36-cpaa-9-147]

In CHECKMATE-017 study, nivolumab was compared with docetaxel in 272 advanced, pretreated, lung SqCC patients (PD-L1 positivity was not a requirement). The trial demonstrated an advantage of nivolumab versus docetaxel with a median OS of 9.2 months versus 6 months (HR 0.59, CI 0.44--0.79, *P*=0.001) and overall response rate (ORR) 20% versus 9% (*P*=0.008), respectively, leading to the first FDA approval for immunotherapy in NSCLC.[@b37-cpaa-9-147]

KEYNOTE-010, a randomized Phase III trial analogous to CHECKMATE-017 and -057, compared pembrolizumab at two doses, 2 and 10 mg/kg every 3 weeks, with docetaxel in 1,034 NSCLC patients. Only patients with at least 1% PD-L1-positive staining were enrolled, with the last 593 patients stratified by PD-L1 positivity using a 50% cutoff. Patients treated with either dose of pembrolizumab had a higher median OS than with docetaxel (10 mg/kg: 12.7 versus 8.5 months; HR 0.61, *P*\<0.0001; 2 mg/kg: 10.4 months, HR 0.71, *P*=0.0008). In the subgroup analysis, both lung SqCC and non-SqCC favored pembrolizumab, consistent with results from nivolumab clinical trials.[@b38-cpaa-9-147] Finally, atezolizumab is an IgG1 mAb against PD-L1, fully humanized. It was evaluated in the OAK trial, a Phase III study enrolling pretreated NSCLC patients who were randomly assigned to receive either atezolizumab (n=425) or docetaxel (n=425). The median OS was 13.8 compared to 9.6 months in the atezolizumab arm versus docetaxel arm (HR 0.73, 95% CI 0.62--0.87, *P*=0.0003). OS improvement was comparable in patients with squamous (HR 0.73, 95% CI 0.54--0.98, n=112 in the atezolizumab group and n=110 in the docetaxel group) or nonsquamous (HR 0.73, 95% CI 0.60--0.89, n=313 and n=315) histology.[@b39-cpaa-9-147]

Afatinib -- mechanism of action and selected studies
====================================================

Afatinib (BIBW 2992) is an irreversible blocker of EGFR, HER2, and inhibits signaling from all ErbB hetero- and homodimers.[@b40-cpaa-9-147],[@b41-cpaa-9-147] It was originally developed with the aim to improve clinical outcomes versus first-generation EGFR inhibitors as, in preclinical studies, it was evidenced to be more effective in suppressing tyrosine kinase activity of both wild-type and activated EGFR or HER2 mutants in lung cancer cell lines; these afatinib-sensitive cancer cell lines contained erlotinib-resistant isoforms, wild-type EGFR, L858R/T790M double mutation, or HER2 overexpression and paved the way for Phase I studies.[@b11-cpaa-9-147],[@b41-cpaa-9-147],[@b42-cpaa-9-147]

The largest clinical trials focusing on afatinib were the LUX-Lung studies 1--8, sponsored by Boehringer Ingelheim. Of these, LUX-Lung 1--4 and LUX-Lung 6 and 7 were addressed specifically to adenocarcinoma histology while LUX-Lung 5 and 8 were specifically addressed to NSCLC (unselected histology) or lung SqCC ([Table 1](#t1-cpaa-9-147){ref-type="table"}). LUX-Lung 1 was a Phase IIB/III trial enrolling 585 stage IIIB/IV patients with adenocarcinoma histology who had received one or two previous chemotherapy regimens and presented progressive disease after at least 12 weeks of treatment with erlotinib or gefitinib. In this study, afatinib (50 mg/day) plus best supportive care (BSC) was compared to placebo plus BSC. This trial did not require EGFR mutations; however, they were present in 96 (68%) patients. The primary end-point was OS, analyzed on an intention-to-treat basis. The median OS was 10.8 months (95% CI 10.0--12.0) in the afatinib group and 12 months (10.2--14.3) in the placebo group (HR 1.08, 95% CI 0.86--1.35; *P*=0.74). The lack of a significant difference in OS between the two groups was hypothesized to be the result of subsequent different treatments; in fact, 257 (68%) patients in the afatinib group and 153 (79%) patients in the placebo group underwent further therapies. In this trial, afatinib induced AEs such as diarrhea (339, 87% of 390 patients; 66.1% were grade 3) and rash or acne (305, 78% patients; 56.1% were grade 3), while the same events occurred less often in the placebo group (18, 9% of 195 patients had diarrhea; 31, 16% had rash or acne, all being grade 1 or 2). Drug-related serious AEs occurred in 39 (10%) patients in the afatinib group and one (\<1%) patient in the placebo group.[@b43-cpaa-9-147]

LUX-Lung 2 was a Phase II single-arm study enrolling 129 stage IIIB/IV EGFR mutated patients with adenocarcinoma histology who were inhibitor naive and had no more than one previous chemotherapy regimen for advanced disease. Afatinib at starting doses of 50 mg daily or 40 mg daily was proposed in order to establish whether tolerability could be improved with preservation of antitumor activity. The primary end-point was the percentage of patients with a confirmed overall response (OR, complete response or partial response) on the basis of Response Evaluation Criteria in Solid Tumors 1.0 (RECIST 1.0, independent review). Of all patients, 99 patients received afatinib 50 mg daily and 30 patients received afatinib 40 mg daily. Of the whole population, 79 (61%) of 129 patients presented an OR (two complete responses, 77 partial responses). When analyzed by starting dose, analogous proportions of patients had similar ORs (61, 62% of 99 patients at 50 mg versus 18, 60% of 30 patients at 40 mg). Even if no differences were found in terms of response rates between the two dosing groups, the most common toxicities of afatinib were higher in those patients who received 50 mg daily: 22, 22% of 99 patients receiving afatinib 50 mg as starting dose, presented diarrhea grade 3 and 28, 28% of 99 patients, had rash or acne, while two, 7% of 30 patients receiving afatinib 40 mg as starting dose, evidenced both diarrhea and rash or acne, grade 3. Treatment-related serious AEs were also more common in patients receiving a 50 mg starting dose (14 of 99 patients versus two of 30 patients). Because of this benefit, the dose of 40 mg/day of afatinib was chosen for subsequent Phase III trials.[@b44-cpaa-9-147]

LUX-Lung 3 and LUX-Lung 6 were Phase III randomized trials involving EGFR-mutated, stage IIIB/IV lung cancer patients with adenocarcinoma histology who underwent up to six cycles of platinum doublet chemotherapy as first-line treatment. In LUX-Lung 3 study, 345 patients, from all over the world, were included and afatinib 40 mg/day was compared with pemetrexed/cisplatin, while in LUX-Lung 6, 364 patients from East Asia were evaluated and gemcitabine/cisplatin was the control arm. PFS was the primary end-point for both studies and assessed by independent review, while secondary end-points included OS. LUX-Lung 3 presented an advantage in terms of PFS of 11.1 versus 6.9 months (HR 0.58, 95% CI 0.43--0.78, *P*=0.001) when afatinib was compared with the control arm. In LUX-Lung 6, afatinib presented a PFS of 11 versus 5.6 months for the platinum-based chemotherapy arm (HR 0.28, *P*=0.0001). However, both trials failed to show a benefit in OS.[@b45-cpaa-9-147],[@b46-cpaa-9-147]

LUX-Lung 4 was a Japanese single-arm Phase II study, enrolling a total of 62 stage IIIB/IV adenocarcinoma patients whose disease progressed after at least 12 weeks of prior gefitinib and/or erlotinib. EGFR mutation in their primary tumor was positive in 45 (72.6%) of 62 treated patients, according to local and/or central laboratory analyses, and 51 patients (82.3%) presented acquired resistance to erlotinib and/or gefitinib. Patients received afatinib 50 mg/day. The primary end-point was OR (complete response or partial response) by independent review, which was confirmed (partial response) in five (8.2%; 95% CI, 2.7--18.1) of 61 evaluable patients. The most common afatinib-related AEs were diarrhea (100%) and rash/acne (91.9%). Treatment-related AEs leading to afatinib discontinuation occurred in 18 patients (29%), of whom four patients also had progressive disease.[@b47-cpaa-9-147]

LUX-Lung 5 study was a randomized Phase III trial, which assessed, between April 2010 and May 2011, the benefit of afatinib in combination with chemotherapy enrolling 1,154 NSCLC patients (n=90, 7.8% had squamous histology) who had previously been treated with chemotherapy, and/or a first-generation EGFR inhibitor (gefitinib/erlotinib).[@b48-cpaa-9-147] This study was divided into two parts: in part A, all patients were initially treated with 50 mg of afatinib per day until progressive disease. Those who received afatinib for 12 weeks or longer were screened (n=223) and randomized (n=202, n=17 had squamous histology) 2:1 into part B: afatinib/paclitaxel combination (40 mg/day; 80 mg/m^2^ per week) or mono-chemotherapy alone (chemotherapy agent according to investigator's choice). In 202 patients analyzed in 2014, the combination treatment arm showed an increased PFS when compared with chemotherapy alone (5.6 versus 2.8 months; HR 0.60, 95% CI 0.43--0.85, *P*=0.003). Objective response rate (RR) was higher in the combination arm (32.1 versus 13.2%, *P*=0.005).[@b11-cpaa-9-147] Among 90 patients with lung SqCC (never smokers: 24%), the median PFS and ORR were 3.7 months and 6%, respectively; 17 (8.4%) of them were randomized (2:1) into part B of the trial: afatinib/paclitaxel (n=11) or chemotherapy alone (n=6) arm. The median PFS was 8.8 months in the afatinib/paclitaxel group compared with 1.9 months in the investigator's choice group (HR 0.15, 95% CI 0.03--0.62, *P*=0.003).[@b49-cpaa-9-147] Concerning toxicities of this last group of patients, these will be discussed in the next paragraph. Considering these data and the limited number of patients with lung SqCC involved, any convincing conclusions, particularly for squamous histology, could not be drawn.[@b11-cpaa-9-147]

LUX-Lung 7 was a Phase IIB study involving 319 EGFR-mutated, stage IIIB/IV NSCLC patients (99% with adenocarcinoma and 1% with mixed histology, respectively). They were randomly assigned to receive afatinib (40 mg/day) or gefitinib (standard dose of 250 mg daily), which were compared as first-line treatment. Co-primary end-points were PFS by independent central review, time-to-treatment failure, and OS. The median PFS was 11 months (95% CI 10.6--12.9) with afatinib versus 10.9 months (95% CI 9.1--11.5) with gefitinib, and the median time-to-treatment failure was 13.7 months (95% CI 11.9--15) with afatinib versus 11.5 months (95% CI 10.1--13.1) with gefitinib. OS data were published in a subsequent article: after a median follow-up of 42.6 months, the median OS was 27.9 for the afatinib arm versus 24.5 months (HR 0.86, 95% CI 0.66--1.12, *P*=0.258) for the gefitinib arm. Prespecified subgroup analyses showed similar OS trends in the afatinib versus gefitinib group; particularly, they showed 30.7 versus 26.4 months (HR 0.83, 95% CI 0.58--1.17, *P*=0.284) in patients with exon 19 deletion, in the two arms, respectively, and 25 versus 21.2 months (HR 0.91, 95% CI 0.62--1.36, *P*=0.658) in patients with L858R mutations. Most patients (afatinib, 72.6%; gefitinib, 76.8%) had at least one subsequent systemic anticancer treatment following discontinuation of afatinib/gefitinib; 20 (13.7%) and 23 (15.2%) patients received a third-generation EGFR TKI. The most common treatment-related grade 3 and 4 AEs were diarrhea (20.1% of 160 patients given afatinib versus 2, 1% of 159 given gefitinib), rash or acne (15.9% patients given afatinib versus 5, 3% of those given gefitinib) and liver enzyme elevations (no patients given afatinib versus 14.9% of those given gefitinib). Serious treatment-related AEs occurred in 17 (11%) patients in the afatinib group and seven (4%) in the gefitinib group. Ten (6%) patients in each group discontinued treatment due to drug-related AEs. In the afatinib group, 15 (9%) fatal AEs occurred versus 10 (6%) in the gefitinib group. All but one of these deaths were considered unrelated to treatment; one patient in the gefitinib group died from drug-related hepatic and renal failure.[@b50-cpaa-9-147],[@b51-cpaa-9-147]

Afatinib in LUX-Lung 8 versus erlotinib in lung SqCC
----------------------------------------------------

Among LUX-Lung trials, LUX-Lung 8 was the only study focused on lung SqCC and the largest Phase III trial in second-line treatment for this histology.[@b35-cpaa-9-147] Patients were not preselected for the presence of EGFR mutational status at baseline, as testing for EGFR is not standard practice for lung SqCCs. The rationale was based on the hypothesis that even if EGFR mutations are rarely found in lung SqCC, the inhibition of disease progression by TKIs may not be performed exclusively by mutated EGFRs but through different molecular mechanisms, since overexpression levels of wild-type EGFR are higher in this histology.[@b4-cpaa-9-147] Authors compared afatinib (40 mg/day, n=398 patients) versus erlotinib (150 mg/day, n=397 patients) in stage IIIB/IV squamous patients only (32, 8% with mixed histology) who had progressed after at least four cycles of chemotherapy with platinum doublet agents. Primary end-point was PFS. At the time of the primary analysis (median follow-up 18.4 months), the median PFS was 2.4 versus 1.9 months (HR 0.82, 95% CI 0.68--1.00, *P*=0.042), median OS was slightly better in the afatinib arm than in the erlotinib one: 7.9 versus 6.8 months (HR 0.81, 95% CI 0.69--0.95, *P*=0.007), while the disease control rate (DCR) was 51% (n=201/398 patients) versus 40% (n=157/397 patients), *P*=0.002, even though percentage of subjects with an OR did not show any significant difference between the two groups (22.6 versus 11.3%, *P*=0.055). The AE profile of afatinib in LUX-Lung 8 was consistent with previous studies and is detailed in the next paragraph.[@b35-cpaa-9-147] On the basis of LUX-Lung 8 results, on April 2016, the FDA approved afatinib as a new oral treatment option for patients with lung SqCC whose disease progressed after treatment with platinum-based chemotherapy.[@b52-cpaa-9-147] However, it is important to highlight that previously, the TAILOR trial by Garassino et al and DELTA study by Kawaguchi et al did not evidence superiority of EGFR TKIs over chemotherapy in the treatment of advanced NSCLC (unselected and EGFR wild-type patients).[@b53-cpaa-9-147],[@b54-cpaa-9-147] Additionally, docetaxel was more effective than erlotinib for EGFR wild-type NSCLC in the TAILOR study, with slightly improved PFS: 2.9 with docetaxel versus 2.4 months with erlotinib (adjusted HR 0.71, 95% CI, 0.53--0.95; *P*=0.02); and median OS: 8.2 months for docetaxel versus 5.4 months for erlotinib (HR 0.73, 95% CI, 0.53--1.00; *P*=0.05). As a consequence, it may have been preferable to compare docetaxel as the control arm, instead of erlotinib, in the LUX-Lung 8 trial; besides, 1.1 month difference in OS in a head-to-head comparison of afatinib versus erlotinib is clinically questionable particularly regarding its translation into routine clinical practice, considering the higher risk of toxicity.[@b55-cpaa-9-147]

In any case, it is clear that deepening knowledge of the EGFR pathway in lung SqCC could be a major issue particularly considering the wide mechanism of action of afatinib. To date, two studies illustrated afatinib activity in advanced NSCLC patients who were lacking EGFR mutations but presented an increased EGFR gene copy number by amplification or polysomy.[@b56-cpaa-9-147],[@b57-cpaa-9-147] Specifically, Cappuzzo et al investigated the activity and safety of afatinib in advanced NSCLC with increased EGFR gene copy number and/or gene amplification by fluorescence in situ hybridization (FISH), with or without EGFR mutation in a Phase II study. Of the 223 patients screened, 69 patients were FISH positive (patients with high polysomy or gene amplification were considered FISH positive). The ORR was 13% in the whole population (n=9/69 patients). Higher ORRs were observed in patients with gene amplification (20%; n=5/25 patients) and in those with EGFR mutation-positive tumors (25%; n=3/12 patients). DCR was 50.7% overall (n=35/69 patients; median duration: 24.9 weeks) with higher DCRs evidenced in those subjects with gene amplification, 64% (n=16/25 patients), and in those with EGFR mutation-positive tumors, 66.7% (n=8/12 patients).[@b57-cpaa-9-147] However, in a post hoc analysis of LUX-Lung 8, results were somewhat different: a subgroup of 238 patients was selected and divided into presumed treatment benefit group (PFS \>2 months; n=144) and treatment-refractory group (PFS \<2 months; n=94). The percentage of EGFR mutated patients was low (14, 6%) and only 15 patients had EGFR amplification (6%, nine in the afatinib group and six in the erlotinib group). Hence, the improvement of survival outcomes with afatinib in this study was probably not driven by EGFR molecular aberrations and might have been a consequence of afatinib irreversible inhibition of ErbB.[@b11-cpaa-9-147],[@b35-cpaa-9-147]

Clinical efficacy of afatinib in EGFR wild-type patients may be due to compensatory signaling suppression through other ErbB family members.[@b55-cpaa-9-147] These data implied that afatinib inactivates multiple aberrant signaling cascades downstream of ErbB receptors probably through inhibition of receptor dimerization in squamous histology.[@b58-cpaa-9-147] Another possible mechanism of afatinib was evidenced in H358 and H441 NSCLC cell lines, which lack EGFR mutations. The apoptotic effect of afatinib on cancer cells is associated with downregulation of cancerous inhibitor of protein phosphatase 2A (CIP2A), upregulation of protein phosphatase 2A (PP2A) activity, and reduction in serine/threonine kinase 1 (AKT) phosphorylation. Afatinib downregulates CIP2A at the gene transcription level by decreasing the promoter-binding activity of ETS transcription factor (ELK1). In vivo, potency of afatinib against xenograft tumors was also confirmed in nude mice NSCLC models.[@b59-cpaa-9-147] Interestingly, ELK1 is overexpressed in lung SqCC and its overexpression is associated with a poor prognosis.[@b55-cpaa-9-147],[@b59-cpaa-9-147] Overall, targeting CIP2A is likely a potential mechanism of afatinib able to limit the progression of lung SqCC.[@b55-cpaa-9-147]

Previous considerations underline the importance of additional prognostic and predictive data in squamous histology. Among emerging biomarkers, VeriStrat could add useful information: it is a commercially available serum protein test that identifies host patient response to the tumor by measuring acute-phase reactant proteins in the blood and uses matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF) mass spectrometry to assign a "good" (VS-G) or "poor" (VS-P) classification.[@b7-cpaa-9-147] In those patients treated with an EGFR TKI, it was evidenced that VS-G status was associated with better OS than VS-P status. As a consequence, VeriStrat was thought to be a potential test to predict the clinical outcome of patients with NSCLC after treatment with EGFR TKIs, but different studies indicated that it also has a prognostic role; in fact, the clinical utility of VeriStrat was confirmed by retrospective and prospective studies of different treatment regimens and indications.[@b7-cpaa-9-147] Considering first- and second-generation EGFR TKIs, Gadgeel et al, in a retrospective analysis of the Phase III LUX-Lung 8 trial, assessed VeriStrat serum protein test as a predictive marker of differential clinical benefit with afatinib versus erlotinib and the association of VeriStrat status with clinical outcomes irrespective of the EGFR TKI used. Of the 795 patients randomized in LUX-Lung 8, n=675 were classified as VS-G: 412 and VS-P: 263. In the VS-G group, OS was significantly longer with afatinib versus erlotinib (HR 0.79, 95% CI: 0.63--0.98). In the VS-P group, there was no significant difference in OS between the two TKIs (HR 0.90, 0.70--1.16), suggesting that VeriStrat classification may guide treatment decisions in patients with lung SqCC.[@b7-cpaa-9-147]

Afatinib: safety, tolerability, and patient perspectives
========================================================

The safety of afatinib has been frequently a point of discussion: diarrhea was the most common side effect in LUX-Lung trials, with 17--22% of patients presenting this AE as a grade 3.[@b42-cpaa-9-147],[@b55-cpaa-9-147]

Concerning LUX-Lung studies addressed to NSCLC patients or with squamous histology, in LUX-Lung 5, 82% of patients started on the 40 mg afatinib dose and 27.3% and 4.5% of them required one or two afatinib dose reductions, respectively. The most common treatment-related AEs in the combination arm were diarrhea (53.8%), alopecia (32.6%), asthenia (27.3%), decreased appetite (22.0%), and rash (20.5%). Serious treatment-related AEs were reported in 11.4 and 3.3% of patients in the combination and chemotherapy arms, respectively. Dose-reduction rates due to AEs were 32.6% in the combination group and 11.7% with chemotherapy, while discontinuation rates due to drug-related AEs were 18.9 and 6.7% in the two arms, respectively. Among 90 patients with lung SqCC, the most common AEs were asthenia (27.3%) and diarrhea (18.2%). Eight (72.7%) and two (40%) lung SqCC patients experienced grade 3 AEs with afatinib/paclitaxel and investigator's choice, respectively, and 27.3% of patients needed to discontinue afatinib/paclitaxel due to AEs.[@b52-cpaa-9-147]

In LUX-Lung 8, each group had a similar percentage of patients with AEs of any grade: 390 (99%) of 392 patients in the afatinib arm versus 385 (97%) of 395 in the erlotinib arm. The severity of AEs (grade \>3) was basically the same in each arm (n=224, 57% versus 227, 57%). Grade \>3 AEs, such as diarrhea (10.4 versus 2.6%) and stomatitis (4.1 versus 0%), were more frequent with afatinib than erlotinib while treatment-related grade 3 rash or acne was more frequent with erlotinib (10.4%) than afatinib (5.9%). The rate of dose reductions due to AEs was higher for the afatinib group compared with the erlotinib group: 27 and 14%, respectively; treatment discontinuations due to AEs were also higher in the afatinib than in the erlotinib arm: 20 versus 17%, respectively.[@b35-cpaa-9-147]

Up to 68% of patients, when questioned, said that they would prefer a therapy that improved disease-related symptoms without prolonging life, as opposed to a therapy that improved survival without symptom benefit.[@b60-cpaa-9-147]

Given that NSCLC symptoms, including cough, dyspnea, and pain, have a profound impact on health-related quality of life (HR QoL), LUX-Lung 8 also integrated end-points to evaluate comprehensive patient-reported outcomes (PROs).[@b61-cpaa-9-147] Patients (n=795) were randomized 1:1 to oral afatinib (40 mg/day) or erlotinib (150 mg/day). PROs were collected using the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire C30 and its lung cancer-specific module (QLQ-LC13) at the first visit of each treatment course and at the end of treatment. Questionnaires were completed independently by the patients prior to clinical assessment to ensure that responses were an accurate expression of how they felt about their condition without any influence from their treating physician. The percentage of patients who improved during therapy, time to deterioration (TTD), and changes over time were analyzed for prespecified lung cancer-related symptoms, global health status (GHS)/QoL. Questionnaire compliance was high in both arms: 77.3--99% and 68.7--99% with afatinib and erlotinib, respectively. Significantly, more patients in the afatinib arm reported improved GHS/QoL and cough compared with the erlotinib arm (36 versus 28%, *P*=0.041 and 43 versus 35%; *P*=0.029, respectively). Afatinib significantly delayed TTD in dyspnea (*P*=0.008) versus erlotinib, but not cough (*P*=0.256) or pain (*P*=0.869).[@b61-cpaa-9-147],[@b62-cpaa-9-147] However, as already stated before, particularly for afatinib, diarrhea was the most impacting toxicity: in LUX-Lung 8, the frequency of treatment-related grade 3/4 diarrhea was higher with afatinib, although discontinuations because of diarrhea were low for both treatment arms (4.1% with afatinib and 1.5% with erlotinib). In a small sub-study to assess the effect of diarrhea from a patient's perspective, a selected subset of 63 patients (afatinib n=36, erlotinib n=27) consented to provide a detailed diary of the onset, intensity, and duration of diarrhea (any grade) in the first 12 weeks of the study. The overall incidence of diarrhea was consistent with that in the main trial population, with 31 (86.1%) patients in the afatinib arm, and 14 (51.8%) patients in the erlotinib arm, reporting diarrhea as an AE. Seven patients experienced grade 3 diarrhea in the afatinib group; no patients in the sub-study discontinued afatinib treatment because of diarrhea, although seven patients in the afatinib arm had diarrhea-related dose reductions.[@b61-cpaa-9-147]

Conclusion
==========

The opportunity to definitively establish EGFR inhibition as a feasible therapeutic strategy in advanced lung SqCC was hampered for a long time by a limited power in early trials, considering that patients with squamous histology usually constitute at best 20--30% of the study populations.[@b17-cpaa-9-147],[@b18-cpaa-9-147],[@b22-cpaa-9-147] The amount of research insight about the EGFR pathway in squamous histology is increasing however, for now, EGFR TKIs may continue to play an important but limited role in the treatment of patients with advanced lung SqCC. This is firstly due to the lack of predictive biomarkers able to select responsive lung SqCC patients to the anti-EGFR approach, and also because of highly active treatments in this setting which inevitably led to uncertainties regarding optimal management and sequence of different options.

Finally, as more treatment opportunities become available for patients, what will be most important is to tailor the different therapeutic alternatives to the patient's own preferences and tolerability, considering the longer lifetime of patients with advanced lung cancer, as well as affordability, especially in the era of increasing health care costs.

The author thanks Silvia Novello for interesting discussions on the subject matter.
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###### 

Afatinib evaluations in lung SqCC in cited studies

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                              Design          Patients (n)   Histology                                EGFR mutation   Afatinib dose                  Control arm                     Results
  -------------------------------------------------- --------------- -------------- ---------------------------------------- --------------- ------------------------------ ------------------------------- -------------------------------------------------------------------------------------------------
  LUX-Lung 5[@b48-cpaa-9-147]                        Phase III       1,154          Adenocarcinoma/squamous cell carcinoma   Not required    Part A: 50 mg/d\               Part A: none\                   PFS: 5.6 versus 2.8 months (*P*=0.003) (analysis of 202 patients)
                                                                                                                                             Part B: 40 mg/d + paclitaxel   Part B: investigator's choice   

  LUX-Lung 8[@b35-cpaa-9-147]                        Phase III       795            Squamous cell carcinoma                  Not required    40 mg/d                        Erlotinib                       PFS: 2.4 versus 1.9 months (*P*=0.042)

  LUX-Lung 8, VeriStrat evaluation[@b7-cpaa-9-147]   Retrospective   795            Squamous cell carcinoma                  Not required    40 mg/d                        Erlotinib                       675 were classified: VS-G: 412, VS-P: 263\
                                                                                                                                                                                                            OS in VS-G\
                                                                                                                                                                                                            Afatinib versus erlotinib: HR 0.79, 95% CI: 0.63--0.98\
                                                                                                                                                                                                            OS in VS-P\
                                                                                                                                                                                                            Afatinib versus erlotinib: HR 0.90, 95% CI 0.70--1.16\
                                                                                                                                                                                                            OS in VS-G versus VS-P patients in overall VS-classified population: HR 0.41, 95% CI 0.35--0.49

  LUX-Lung 8, symptoms and QoL[@b61-cpaa-9-147]      Prospective     795            Squamous cell carcinoma                  Not required    40 mg/d                        Erlotinib                       Questionnaire compliance: Afatinib, 77.3--99%\
                                                                                                                                                                                                            Erlotinib, 68.7--99%\
                                                                                                                                                                                                            Improved scores for GHS/QoL (*P*=0.041): Afatinib: 36%\
                                                                                                                                                                                                            Erlotinib: 28%; Improved scores for cough (*P*=0.029)\
                                                                                                                                                                                                            Afatinib: 43%\
                                                                                                                                                                                                            Erlotinib 35%
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** CI, confidence interval; EGFR, epidermal growth factor receptor; GHS, global health status; HR, hazard ratio; OS, overall survival; PFS, progression-free survival; QoL, quality of life; SqCC, squamous cell carcinoma; VS-G, VeriStrat-good; VS-P, VeriStrat-poor.
